There is a growing concern among policy makers about how electricity is generated and 
INTRODUCTION
Central to the development of power sector is the expected cost of electricity generation through alternative energy sources. There is an overwhelming consensus among policy makers that the best way to develop an energy-surplus economy, attracting investment and creating jobs while reducing carbon emissions and supplying power to rural and remote areas is to increase the share of renewables in power generation. As per International Energy Agency (IEA) estimates, the world energy-induced CO2 emissions will increase by 57.4% during 2005-30, India accounting 14% of it (IEA, 2015) , while its share in incremental world energy demand during the same period will be about 6%. India has higher share of emissions in power generation owing to heavy reliance on low-quality coal with high ash content and low share of zero-carbon fuels (TERI, 2012) . As with other developing countries, the major dilemma India faces today is prioritising energy goals which need to follow the path of low-carbon economy with reduced dependence on coal and promotion of renewable technologies for power generation. A radical transformation of the power sector is required to decarbonise it.
Renewable energy sources such as biomass, solar and wind have beneficial effect on energy and environmental security. These resources are the most abundant in nature and easy to deploy. However, as of now, their share in total power generation is limited to about 10%.
Coal has a dominant share (73%) followed by natural gas (10%). However, due to their nonrenewable nature and environmental impact, there is a fledgling interest in renewable resources. In recent years, among non-hydro renewables, solar and wind power penetration (in terms of installed base) is increasing rapidly. This is mainly due to falling costs, new application areas, growing investor interest due to investment attractiveness and strong policy support. The introduction of renewables in power generation not only protects environment but also provides significant employment to the population. Thus power generation through renewables is not only an economic and environmental solution but also a social one too (Reddy, 2015) .
It is generally believed that renewable energy is "poor man's" energy as majority of the poor and rural households use biomass for cooking and heating purposes. In remote area and hilly regions electricity is as such being provided using renewable resources. To remove this misconception and provide the benefit to a large section of population, it is important to focus on connecting renewable electricity production to the national grid. At the same time, policy makers are finding it difficult to balance three must-haves for the power sector: affordability, reliability, and acceptability (based on environmental performance). Hence, the time is ripe to examine these issues to design enabling policies which require a thorough study of the economics of power generation and diffusion of renewable technologies in the future. This will help in not only meeting the rapid growth in electricity demand but also maintain affordable and reliable service to consumers.
The present study uses technology-specific innovation system approach under the assumption of the existence of technological systems in India and that they vary in their ability to develop and diffuse into the society (Jacobsson and Johnson, 2000) . Here, the competition is between renewable energy technologies and incumbent fossil-fuel-based ones (along with the associated systems). We compare the costs of power generation through renewables vis-à-vis conventional technologies using levelised cost approach taking into consideration capital cost, fuel cost and other O&M costs 1 . Information on the technical performance and cost characteristics has been gathered for each of these technologies. Using the Bass model, we project the installed capacity of various technologies and their impacts on land and water by 2030. The future composition of energy mix will depend on the reliability and cost competitiveness of various technologies. This in turn help in designing an optimal investment strategy for capital stock turnover, technology costs, and projected demand growth.
INDIA'S ENERGY MARKET

Energy consumption by source
The primary energy consumption in India is from coal, oil, gas and other renewables. A look backwards reveals significant changes in the energy mix (Reddy, 2009) . While oil's contribution was negligible in 1950, its share went up to 23% in 2015. The share of coal and natural gas too increased. Natural gas also became popular in the secondary energy mix in power generation. These increases offset the decline in use of renewables, mainly biomass. Fuelwood was used over centuries for household cooking and its share decreased through substitution with LPG. Table 1 provides information on the energy mix in 2015. The total primary energy consumption stood at 775 MTOE of which the contribution of coal was the highest at 46.5% followed by oil at 23.3%. Renewables (including biomass) accounted for 19% and the rest by natural gas, hydro electricity and nuclear energy. In the coming years, the demand for fossil fuels is expected to increase which will result in increased emissions that affect local, regional and global climate. 
Electricity generation
Performance of Power Plants
Electricity is generated through various technologies and the choice of technology, fuel and unit rating depends on various factors. The range of unit ratings varies with the system. Coal and gas are the major sources used for electricity generation while hydro and other renewables like wind and solar contribute around one third of the total. By the end of 2015, the total no. of power plants were 851 (Anon, 2015a , Anon, 2015b of which were 132 coal-fired, 43 gasfired, 7 nuclear, 66 hydro, 470 wind, 47 solar and 86 biomass-based plants. The total installed capacity stood at 245 GW. A comparison of the current installed capacity of coal-based plants (153 GW) and gas-based plants (23 GW) shows the dominant role of coal-fired plants in Indian power generation.
The power, produced by 851 power plants works out to an average of 288 MW/plant.
The number of plants, their rated capacity and their power generation are given in Table 2 .
Typical Indian power plant capacities range from 1 to 800 MW and the average size of the power plant is about 391 MW. The two categories of technologies that produce major share of power are coal and hydro. Large plants have low operational costs and costs less too for grid connectivity.
Of the total 245 GW of installed capacity, 62.5% is coal-based, 9.5% is natural gasbased, 25% is from renewables and the rest is from nuclear and oil sources. From renewable energy sources, hydro-power has the largest installed capacity (12% of total) and 13.5% comes from other renewable sources such as solar, wind, and combustible waste. This shows that, in the current fuel mix fossil (coal, natural gas and oil) and nuclear fuels have a combined installed capacity of 74% of the total installed capacity.
The total electricity generation in 2015 was 1145 TW-h which, divided by 8760 hours/year, equals an average power of 132 GW. The contribution from coal is the highest at 73%, while its share in the total installed capacity is only 62%. The case is reversed in the case of renewables. Using normalised load factors to account for fluctuations in wind and solar power, the contribution of renewables to gross electricity consumption is only about 10%. TWh. Generation from coal increased by 24 times and that from hydro sources by four times.
Gas-based power generation reached peak at 100 TWh in 2010 but declined later due to the non-availability of gas. Solar photovoltaic power generation increased many fold, from 0.02 to 7.5 TWh (from 2010 to 2015) due to an increase in capacity and decline in capital costs.
Electricity from onshore wind increased 20 times from 2000 and reached 65.7 TWh by 2015.
An amount of 37.6 TWh of renewable electricity was added via biomass-based plants. Table 3 provides the electricity generation figures for 1975 to 2015. 
Power plant efficiency
Electric energy generation is basically of converting primary energy into electrical energy.
However, in most cases, primary energy cannot be directly converted into electricity and it goes through several transformations. For example, coal is converted to steam and then to mechanical energy in the turbines which is connected to generators where electrical energy is produced because of which the efficiency of power generation 2 is generally low (Anon, 2003; Hussy, et al., 2014) .
Efficiency varies with the source and also with technology. In India, at present, coal is converted into electricity using sub-critical technology. The average efficiency of coal-based power plant is between 25 and 30%. This low value is due to the fact that Indian coal is a lowgrade one and contains high ash content (30-50%). Advanced technologies like IGCC (Integrated Gasification Combined Cycle) can have higher efficiencies. In case of gas-based
2
The electric power plant efficiency η is defined as the ratio between useful electricity output from the generating unit in a specific time unit, and the energy value of the energy source supplied to the unit in the same time frame (Anon, 2003 power generation, CCGT (Combined Cycle Gas Turbine processes) technology is more efficient than a simple gas turbine cycle. Gas-fired power plants in India are built mostly after 1990. At present, the efficiency of gas-fired power generation is in the range of 45-50%.
Between 1990 and 2010, the efficiencies of gas-based power generation have increased significantly (from 20 to 50%) while that of coal remains almost stagnant at about 30% ( Nuclear power stations in India have efficiencies of around 30%. The efficiency of a hydroelectric power station depends on the type of water turbine. In India, most of the power is generated through large hydroelectric power plants whose efficiencies are around 75%. In case of renewables, wind energy conversion efficiency 3 is about 30%, while that of solar PV 4 is about 15% and solar thermal, between 15 and 18%. Biomass power plant efficiency ranges between 30 and 40% depending on the material used (vegetal or animal origin) (Fig.2 ).
3
Wind turbine extracts power from the air (kinetic energy) and converts to electric power. 4 The efficiency of solar photovoltaic cells is the ratio of electrical energy produced by the cells to the incident solar radiant energy.
Fig 2: Technological Efficiencies of Power Generation
The Return on investment
The term net energy ratio (NER) is used to show how 'efficient' a technology is in terms of providing energy to society. NER is the most important parameter as it describes the overall life-cycle efficiency of a power supply technique. It is also known as the energy returned on energy invested (ERoEI) or energy return on investment (EROI) (Hall et al., 2014) . It is calculated as the ratio between energy inputs and energy outputs for an energy generating technology. In general, technologies that require fuel have a lower ERoEI than those that can extract "free" energy from the environment (wind, sunlight, etc.) . Along with EROI, the energy internal rate of return (EIRR) ) also plays a significant role in choosing a technology. EIRR is the percentage of the energy invested that is returned each year, analogous to IRR for financial investments (Bull, 2010) . Table 4 shows high values of ERoEI for wind, solar and nuclear power and low values for coal and gas. Coal is bracketed under low value category as the energy required to mine and transport it is high compared to the power it produces. Most of the energy that goes into mining coal is for digging and transporting it to the power plant. In a steady state of technological mix, knowing the ERoEI of a technology is important since new investments in power plants are made after the decommissioning of old ones. However, in a period of transition, from non-renewables to renewables, there is a need to have a quick return on energy investments to maintain the needs of the society. This means that, if we're going to keep the non-energy economy going while making the transition, we can't put too much energy today into the long-lived energy investments which we will use tomorrow (Bull, 2010) . Along with ERoRI and ERIR, the energy intensity of a technology plays an important role in choosing the technology mix for power generation. A kilowatt-hour (kWh) of electric energy delivered to the final user has an energy equivalent to 3.6 MJ. To produce one kWh of electricity (i.e., the heat rate) energy is used by various categories of electricity generators. As shown in Table 5 coal-based power plants require an average of 1.05 MJ to generate a kWh of electricity to be delivered to the electric grid. In contrast, hydro power plants require only 0.04 MJ. The energy intensity figures reveal that, with the exception of solar PV, which is almost as energy intensive as coal power (0.9 MJ/kWh for PV against 1.2 MJ/kWh for coal), all the renewable energy technologies are not energy intensive. Hydropower is the least energyintensive source, followed by nuclear and wind. Thermal solar generation is also a low energyintensive technology (just above 0.20 MJ/kWh).
The dynamics of Renewable energy system evolution
The evolution of renewable energy system began in the 1990s, which contributed to increased share of renewables (other than hydro) in power generation. This is mainly due to policy shift from providing subsidies to consumers to encouragement to power producers through The availability of renewable energy (in GW) and the amount that can be exploited are shown in Table 6 . Solar energy is the most abundant in India with a potential of 749 GW.
However, as on 2015, only 0.67% of its potential has been exploited. The second-most abundant source of renewable energy is Wind, which is exploited to 24% of its full potential.
Bio energy is exploited to about 4.65% of its full potential. Of the total potential of renewable energy (896 GW) only 4.3% (38 GW) is being exploited for power generation. The main deterrent for the limited exploitation for generation is its relative cost vis-à-vis fossil fuels. From the available data (Table 7) , it can be seen that the cost of power generation (COG) through renewable energy technologies remains well above that of non-renewableenergy based technologies. However, over time, the cost is increasingly becoming competitive for supplying power to the national grid. As a result, in locations where the wind speed is high or excellent solar radiation exists, the power generation is often competitive with coal-based or natural gas-based electricity generation. Between 1995 and 2015, wind turbine prices have declined sharply and continued technology improvements resulted in increased capacity factors. The COG of wind power has therefore dropped significantly and wind energy is increasingly becoming the least-cost option for new grid supply. Between 2005 and 2015, the cost of solar PV systems has been on the decline leading to corresponding decline in the level of cost of power generation (Singh, 2015) . In 2015, the COG was the highest for solar thermal technology at Rs. 10.08/KWh and the consumer price works out Rs. 12.05/unit. Power through Solar PV, however, is cheaper than solar thermal at Rs. 7.05/unit (Anon, 2015f) . Energy from wind has the lowest cost of generation at Rs 3.6/unit and sold to the consumers at Rs.3.6-5.5/KWh (Anon, 2015d) depending on the state-level subsidies and government policies.
Biomass for power generation is a mature technology and hence has lower potential for cost reduction. However, where untapped economic resources exist, this technology can further reduce its COG-cheaper than other renewables, fossil fuels and nuclear. The significant variation in COG among renewables is not surprising because the cost of renewable technologies depends mostly on local resource availability which varies significantly within the country. 
CHARACTERISTICS OF DIFFERENT POWER GENERATION TECHNOLOGIES
Performance data
Power generation technologies are broadly divided into fossil fuels and renewable energy related. The fossil fuel technologies consist of coal, natural gas and oil-based ones while the renewable energy-related technologies include hydro, wind, solar and biomass. Table 8 provides information on nine technologies that represent electricity generation options in India.
As indicated in the table, a single energy source (e.g., coal) can be is used in various types of power-generating systems, which include steam cycles, integrated gas-combined cycle, etc.
(converting coal into gas and is used to drive a steam turbine). Each combination of energy source and technology has advantages and disadvantages (technical, economic, and environmental). In order to identify a system that is better than others, one has to evaluate all the factors which are unique to that system. while the other is a base-load technology (Hynes, 2009 ).
Land and water requirements
In general, land use for power generation consists of land required for fuel production, processing and storage at the production site. Land is also required for power transmission and distribution lines. However, these requirements are not considered here and only land for power plant construction and fuel storage are considered. Similarly water is required for fuel production, extraction, transport, and processing. In the present study we consider only water demand that arises at power stations for cooling systems. Conventional power plants are not very large (~ 500 MW) which require about 0.5 ha/MW. Nuclear plants, however, have larger land requirement, about 1 ha/MW, due to security and used fuel storage needs. In case of renewables, the land requirement is much larger. This is because most of these technologies are driven by solar energy and the sun delivers only about 1 kW/m 2 of energy to the earth's surface. Solar PV requires about 8 ha per MW and solar thermal about 10 ha. Similarly it is so for wind generation. Biomass power generation has a larger land requirement since it has to store fuel. From a land-use perspective, viable renewables are wind and solar PV technologies.
Power production requires significant quantity of water which is used for steam generation and condensation. The water input required per kWh varies with the technology.
Conventional power generation technologies are the most water-intensive with 25l/kWh for coal and 32l/kWh for nuclear (due to large water need for cooling systems). Hydro power is also very water intensive, due to evaporation from increased reservoir surface. However, when compared with other sources, hydropower does not have additional water requirements for fuel production. Among renewable energies, wind and Solar PV have no operating water requirement. In Solar Thermal power generation, water use can be eliminated if boiling oils are used. The location and the characteristics of the plant can significantly impact the choice of fuel and power-generating system. From these comparisons, one can select the energy source, the power-generating system and the appropriate criteria to be used while choosing a plant site (Table 8) . generate electricity from various renewable resources, like wind or solar with that to conventional sources like coal, nuclear or natural gas is not a proper way to assess the cost economics. In order to make a choice of the best technology, it is necessary to quantify and evaluate various factors. For example, in a comparison between coal and nuclear energy, nuclear energy has higher capital costs but its fuel costs are low. Similarly, the capacity factor (depends on the expected operation hours per year) of the plant plays an important role. Even though wind and solar are desirable and economically justified due to their low capacity factors, they are unable to compete with conventional technologies due to their low capacity factors. In the present study, the competitiveness comparison is carried out for electricity-producing technologies. The study includes both fossil-fuel based and renewable energy technologies.
One of the key parameters that is used to judge the financial viability of a technology is the Net Present Value (NPV), which is the value of the investment today considering both the capital cost as well as fuel and other O&M costs. The NPV is calculated by determining the annual cash flows from the investment and discounting them to the present time with certain discount rate. If the NPV is zero, then we can assume that the utility is just earning the cost of capital. By adjusting the constant real electricity price over the life of the facility to achieve NPV = 0, the price of electricity can be obtained to just make the technology economically viable. This is termed as the levelized Cost of Electricity (LCOE) (ATSE, 2011). The levelized cost of electricity generation can be defined as the ratio of the net present value of total capital and operating costs of a particular plant to the net present value of the net electricity generated by that plant over its operating life (Kost et al, 2013) . The levelized cost represents a minimum break-even tariff expressed in Rs. /KWh for each type of technology, based on assumptions and the chosen discount rates (weighted average cost of capital). Thus, to compare the costs of generation technologies, first the total costs and the load factor for each technology are considered and then the net present value analysis is performed. This is the only logical way to evaluate power generation technologies. There are many studies on the estimation of levelized costs (Risto and Aija, 2008 , West J, 2011 , and Anon, 2015d . One of the most widely used studies is done by Lazard (2016), the latest version of which was released in 2015.
Determining the levelized cost of power generation is difficult due to uncertainties in fuel prices and variations in O&M costs. Forecasting the cost has even larger bands of uncertainty. For capital intensive technologies, such as nuclear and renewables, the largest uncertainty lies with the capital expenditure, the gestation period and the annual capacity factor.
The levelized cost for technology k can be described as follows: respectively. Capital costs are given in Rs./KW basis and to obtain them in a Rs. /kWh form, one has to annualize the total cost of the plant and then divide it by an estimate of the average annual kWh that the plant is expected to generate. This estimate depends on the average annual load factor. Table 9 provides information on cost data for various power-generating technologies on KWh basis. The technologies include both non-renewable (fossil fuel thermal and nuclear power stations) and a range of renewable generation, including solar and wind. Since these costs are calculated at the plant level, they do not include transmission and distribution costs.
The Compared to fossil fuels, most renewable energy sources require large capital investments, as shown in Table 9 . Fuel and other O&M costs spread out over a long period of time and hence their present value will be very small. For example, when burning a fossil fuel like natural gas to generate electricity, a large portion of the total cost goes to fuel purchases which spread over a 30-year lifetime. Another issue with the renewables is the transmission and distribution costs (which are not considered here). Power generation through renewables is more expensive because, unlike fossil fuels, which can be transported to the power plants, renewable sources like biomass, wind and solar are natural phenomena specific to a particular geographic location. Thus, getting the electric power to consumers involves not just the standard capital and operating costs, but also of transmission to connect to the grid (Palmer et al, 2010) .
By looking at costs/kWh, we cannot arrive at with certainty that a particular technology is the best one. This is because for a utility the cost/kWh for a technology is not the only consideration to select a technology but also the risks associated with each type. In other words to perform a capital investment analysis on the technologies that have a reasonable chance of being cost competitive, one has to consider the respective load factor and the risks they possess (Hynes, 2009) . For example, the risk the utility takes while choosing the wind plant is weather risk (if the wind does not blow coincident with the utility's peak demand). As the table shows the LOCE of gas-based technology is 1.5 times than that of wind. Thus, the utility pays a premium for gas-based technology because it can be operational for 24 hours a day. respectively. In comparison, the lowest cost conventional technologies are coal-fired ones at 32.7% and 44% and nuclear at 41.8%. This shows that renewable technologies, such as wind and solar are expensive to build but cheap to operate since they have no fuel costs and have generally lower O&M costs as well. The scene is reversed for conventional technologies.
Figure 2: Cost components of energy technologies
It should be noted here that the amount of money spent to build and operate a power plant is not the only consideration while selecting a technology as it does not include environmental externalities such as the cost of air pollution impacts. If we include these costs, renewable energy technologies perform better than fossil fuel-driven ones. Also, the renewable energy sources are considered as intermittent because sun shine won't be available during night and rainy days and in many parts of the country wind speeds are not high. As a result, these technologies cannot replace the existing system of "conventional" technologies in the near future.
Carbon intensity of power generation technologies
While generating electricity, greenhouse gases are emitted and hence have a carbon footprint.
Fossil-fuelled power generation has a high carbon footprint while renewables have a low carbon foot print. One reason why renewable electricity is costlier than that produced using fossil fuels is that the environmental costs associated with fossil fuel utilisation are not accounted while calculating levelized costs. Due to its low carbon foot print power generation from renewables avoids this cost. Imposing a policy that places a price on CO2 emissions would help to close the gap in costs (Palmer, 2010) . The carbon intensities (CO2 emissions in g./KWh) of various technologies are shown in Table 10 . Coal-fuelled electricity generation has the largest carbon footprint (>1,000g CO2/kWh).
Most emissions arise during plant operation. Emissions from renewables have low carbon foot print (<200g CO2/kWh) and are emitted during non-operational phase. The emissions from hydro energy depend on plant size, location, capacity etc., and thus GHG emission varies from 2-410 CO2 g/KWh. The GHG emission from biomass and solar PV are 37-166 CO2 g./KWh and 30-150 CO2 g/KWh, respectively.
Data presented until now present the benefits associated with the introduction of renewable energy technologies. They include environmental benefits such as reduction in carbon emissions which contribute to the objectives of reducing global warming. Another benefit pertains to energy security provided by localized energy sources that reduce the dependence on imports. Compared with fossil fuel technologies, which are typically mechanized and capital intensive, the renewable energy technologies are labor-intensive meaning that, on average, more jobs are created for each unit of electricity generated from renewable sources than from fossil fuels (Gkatsou, 2014) . Thus, for a sustainable society, renewable energy plays an important role in power generation when introduced on a large scale in the coming years. In order to design appropriate policies, models should be developed to project potential generation through various renewable energy resources.
In the present study, an innovation diffusion model is used to forecast electricity generation using various renewable energy technologies. These diffusion models have been widely used to analyse the growth pattern of new technologies and to estimate their market potential. They have shown good representation of real market dynamics and their usefulness has been shown in several business and academic fields.
ANALYTICAL FRAMEWORK
Technology diffusion in the power sector
As argued in the broader literature on innovation systems, the innovation and diffusion process is both an individual and collective effort. The determinants of this process are not found only within individual firms; they are embedded in innovation systems that guide, aid and constrain the individual actors within them. In this manner, technological change becomes endogenous to the economic system. Due to the technology-specific features of the approach, it is particularly attractive when the focus of enquiry is competition between emerging and incumbent technologies (and between associated technological systems) (Jacobsson and Bergek, 2004) .
There is a long-felt need to predict the diffusion of various technologies and the market for specific types of technologies. Various mathematical models have been used as forecasting tools (e.g., Gompertz, Fisher-Pry, Bass); learning models (e.g., Dirichlet, Artificial Neural Networks) and Regression models (e.g., trending or multivariate models based on historical data). Conventional forecasting tools do not effectively account for soft cost factors, such as government regulation or public opinion of power sources (Massiani and Gohs, 2015, Giovanis and Skiadas, 1999) .
In the present study, we project the diffusion of various power plant technologies in India. Depending on the shape of function f (t), various models like external, internal and mixed-influence models can be used (Rao and Kishore, 2009) . Several flexible models have also been developed to explain the diffusion behaviour. The Bass model developed by Frank Bass (1969) is by far the most common and accurate one to study diffusion as well as forecast the future of technologies. Therefore, we have used the Bass diffusion model to study the diffusion of renewable energy technologies in India.
The fundamental model can be explained as follows:
where N (t) = cumulative number of adopters at time t, in the present case cumulative installed capacity (MW) m = market potential and
The above equation according to the Bass diffusion model can also be written as follows:
where p = coefficient of innovation q = coefficient of imitation
Now, Bass model in discrete form can be written as: Table 11 shows the value of p, q and m for conventional power-generation technologies. The above model has been used to project the diffusion of different renewable energy technologies by the year 2030. Where availability of data is insufficient, we have used trend forecasting to assume values so that we obtain a better R 2 value. This gives us a more accurate fit.
Application of the model for power generation
Electrical power utilities generate power from various sources such as coal, natural gas, hydro power and renewable sources such as solar and wind. Each of these technologies has unique power-generation costs and capacity. The power that is generated through these technologies is connected to a common power grid that distributes electrical power to various end users.
A method for predicting an optimal mixture of power-generation technologies has been developed using a forecasting model. The inputs include: costs of a plurality of powergeneration technology types and the probability distributions to the estimated costs. Based on this information, estimated costs are projected over a period of time for each type of powergeneration technology. We have projected a mixture of future power plant technology based on a Bayesian combination analysis.
From the diffusion model results, it can be seen that the total number of installations for coal, gas, hydro and nuclear power plants by 2030 will be 2,72,408 MW, 27,535 MW, 46,396 MW and 8,389 MW respectively. It is seen that coal-based technology dominates the power-generating sector. However, its rate of growth is declining as the technology has matured and new and renewable energy technologies are already in place. Along with this general decrease of coal capacity, gas-fired power stations are likely to replace coal-based power generation. The total gas capacity increases by approximately 9.6 GW with an annual growth of about 5% by 2030. In the case of nuclear power, capacity will be maintained at around 6.6 GW until 2020. Between 2020 and 2030, an increase of 20% is seen which means that the additional nuclear capacity will be about 45% higher than that in 2015 (Fig. 3 ). indicates a high rate of diffusion (Table 12 ). 
CONVENTIONAL TECHNOLOGY INSTALLATIONS
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Figure 4: Cumulative installations of wind energy technology based power plants.
As shown in Fig. 4 , the supply of wind energy will be the largest through 2030 in the Indian power sector. This is due to the fact that power can be generated on a relatively large scale and it has a higher capacity factor than other sources (Huh and Lee, 2014) . Another unique feature of wind energy is that it has the smallest COG. As shown in Fig. 4 , wind power reaches its peak in 2017 and will approach the maturity stage. The approximate installation of wind power plants by 2030 will be around 49.8 GW.
In comparison with other renewable sources, the diffusion pattern of solar PV and solar water heaters show a steady path of increase by 2030. These technologies will still be at their growth stage in the product life cycle (launch, growth, maturity, and decline). The ultimate supplies of solar PV in the electric power sector are expected to be about 36,000 MW in 2030. 
SOLAR WATER HEATERS CUMULATIVE INSTALLATIONS Figure 7: Cumulative installations of Biomass based power plants
The biomass-based power plants have shown a steady increase. Fig. 7 shows that the total installations will be around 14.65 GW by 2030.
The model predicts a future energy-mix using the Bass model. As the results show (Table 13) 
BIOMASS ENERGY CUMULATIVE INSTALLATIONS
5. Discussion
The Energy Mix-2030
India's energy mix, even in 2030 will be dominated by fossil fuels. The Bass model forecast of the installed capacity of power plants shows that coal and gas will make up around 70% of the total in 2015 which is forecast to be about 66% by 2030. This means that no significant shift away from fossil fuels to renewables is seen until 2030.
Cost of Electricity Generation
Of the total power-generation costs, fuel costs constitute a significant portion. Plants that rely on domestic sources of fuel will have a significantly lower cost associated with fuel than those that rely on imported fuels. Since India's power plants depend on domestic coal, the future power-generation costs do not increase significantly as in the case of gas-based plants which depend on imported fuel. Similarly, the efficiency of fuel conversion plays an important role in determining the cost of power generation for conventional technologies like coal and gas.
Also, plant utilisation factor plays a major role in the quantity of power generated. In the powergeneration cost, factors that play an important role are costs for transmission and distribution networks. Since we are unable to obtain or predict future prices for various fuels, efficiencies and power factors of technologies and T&D costs, we could not project the costs of power generation in 2030.
Technology diffusion until 2030
While projecting diffusion, we have excluded a number of variables. Exogenous impacts such as the value of R&D expenditure and external pollution costs are not included. Similarly, the model excludes the values of investments in a particular technology, effect of plant size, scale, plant lifetime, regulatory changes and subsidies. The impact of these combinations of factors will affect diffusion significantly. However, since estimating the probability of such impacts would be difficult and hence they are excluded for the analysis.
We believe that large variations in projected generation capacity are unlikely. However, the production mix is sensitive to the imported prices of coal and natural gas. Even if there are emission charges, it will have a limited impact on the power mix in 2030 due to the high share of coal-based capacity that is under development.
The share of renewable energy technology will continue to grow in future. However, as seen from the projections, they are unlikely to alter the energy mix significantly. The costs of power generation through renewables is falling continuously. The potential for significant cost reductions over time is high as the scale of manufacturing along the entire production value chain increases. The potential of cost reduction for fossil-fuel-based technologies is not high since the technological improvements for these mature technologies are incremental in nature. This will provide a growing market for renewable energy technologies even without government subsidies.
Impact of future power-generation mix on land and water
Wind-based power generation has the highest land requirements, as 498,071 ha are projected to be impacted by electricity generation by 2030, compared to 306,207 ha for wind and 289, 000 ha for solar PV. For the conventional power generation, coal power plants require 163, 445 ha. With regards to water requirement, coal-based power plants rely heavily on water for cooling. Wind power has the lowest water requirements with 0.85 million l. At present wetcooling systems are in operation in India which are less efficient than dry-cooling systems which reduce water consumption by over 90 per cent. However, due to their high cost, the dry cooling systems are not preferred. To reduce water consumption, either the power system have to implement more dry-cooling systems or shift generation to renewables (Table 14) . 
CONCLUSIONS
The present study provides the technology characteristics of various power generating systems including the levelised costs of electricity-generation technologies (LOCE) which play a significant role in the future prospects of these technologies. To arrive at the costs we have considered capital costs and the present value of fuel and other O&M costs. The results confirm that coal, gas, and wind remain competitive over the long term. At present, solar power remains expensive, even though the tariffs have come down significantly in the recent past. The costs for newer coal-based technologies such as integrated gasification combined cycle (IGCC) are calculated here which seems to be promising. Biomass power generation seems to have lower levelised costs than many other technologies due to lower fuel prices. These levelised costs of electricity are estimated using data at a particular point of time and with particular assumptions.
These costs are likely to change over time and in some cases may change significantly as in the case of solar power. However, there is a possibility of falling construction costs for most technologies and especially the newer technologies. The levelised costs are sensitive to the discount rate, capacity factor and fuel prices.
The study applied the Bass model framework to generate energy production forecasts for a 15-year-ahead horizon (2030) through various energy technologies from the Indian context. The share of renewable energy generation in the total will increase from the existing 12.43% to about 22% by 2030, thus becoming a focal point of discussion for the future energy policy. It is observed that the diffusion of some of the renewable energy technologies will reach its peak in the near future. Several factors influence the future diffusion including available resource potential, electricity generation costs, etc. Constraints on the land and water availability are also expected to affect electricity generation through renewables.
With increasing installations of renewable power plants and therewith associated higher shares of power supply, there will be a fundamental change in the electricity supply system. In such a scenario, other than LCOE, many factors play a role in the analysis and evaluation of a technology. For example, the "value" of electricity will become more important, i.e., its availability at times of high demand and the ability to provide services. So it is essential that the power system should be regarded in its entirety since there are many interactions and interfaces among different sectors (power, heat, transportation, etc.) and the prices that are charged should depend on the services that are provided (Kost et al, 2013) .
In order to achieve that goal, it is important that we should find out the nature of direction and the quantum of speed with which the power system is experiencing. Various factors influence that change; they include: policy stimulus, efficiency of technologies and the role of actors. The future mix of power generation capacity depends on these factors. The technology diffusion trends indicate that the Indian power system is moving in the right direction. This shows that long-term structural changes which include technological and policy changes are taking place. Even though such changes are difficult to anticipate, historically, these structural changes enabled us to improve quality and quantity of energy services (Grubler and Enovic, 1996) . This suggests that, while evaluating the power system, such driving forces are important factors and should be captured in the diffusion models.
